The aim of this study was to examine the relationship between the stress score measured using the Inventory to Measure Psychosocial Stress (IMPS) and biomedical parameters regarding health status among apparently healthy subjects in order to evaluate the validity of the IMPS. Out of the 1,941 public school workers in Kyushu and Okinawa, Japan, who were admitted to a hospital for medical check-ups, 1,499 workers responded to questionnaires which assessed the degree of stress response (i.e., stress score) measured using the IMPS, and the degree of stress tolerance capacity (i.e., stress intolerance score) measured using the Inventory to Measure Stress Tolerance Capacity (IMST). One thousand two-hundred and one workers (684 men and 517 women) were analyzed, excluding 298 subjects who were taking medication for hypertension, hyperuricemia, hyperlipidemia and diabetes, or had a value for glycosylated hemoglobin (HbA1c) м6.0 percent.
Introduction
Stress evokes physical and psychological responses in humans which enable them to restore inner stability through changes. However, it is assumed that if stress is strong or enduring, the ability of humans to adapt to stressful situations may decrease, resulting in a decline in health eventually leading to illness (Chrousos and Gold, 1992; McEwen, 1998) . Numerous studies have shown that psychosocial distress is associated with coronary heart disease (Rozanski et al., 1999; Hemingway and Marmot, 1999; Ferketich et al., 2000; Rugulies, 2002; Hintsanen et al., 2005) , obesity (Istvan et al., 1992; Ross, 1994; Siegel et al., 2000; Roberts et al., 2000) , hypertension (Everson et al., 1997; Ming et al., 2004) , insulin resistance (Winokur et al., 1988) , and metabolic syndrome (Chrousos, 2000; Räikkönen et al., 2002; Kinder et al., 2004) , implying that a certain amount of physical and psychological change accumulates as a result of stress response to psychosocial pressure, which is detrimental to the body. In order to stay healthy in the face of such stressors associated with modern life as social pressures, information overload, and rapid social changes, we must be aware of how much stress we are suffering from, as well as how to manage this stress. Awareness and management of stress may enable successful adaptation to stressful situations. Successful adaptation to stress is assumed to cause proper habituation, resulting in a decline in the stress response. Though it is vital to have a scale to measure psychosocial stress levels in order to promote stress management programs, to our knowledge there are few inventories from which to evaluate what degree of stress response a healthy person is experiencing. In a previous study, we developed 
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Capacity (IMST) among healthy subjects (Yamamoto, 2005) . The IMPS was designed to assess psychosocial stress defined as the accumulation of stress response by measuring the amount of physical, psychological, and behavioral change caused by psychosocial stress. If the stress score measured using the IMPS is shown to be associated with biomedical parameters of health, universal application of the IMPS as a scale to measure psychosocial stress may be reinforced. With this background, this study was performed to examine the relationship between the IMPS-measured stress score and biomedical parameters, such as anthropometric measurements, blood pressure, liver function tests, serum lipids concentrations, plasma glucose concentrations and the value for glycosylated hemoglobin, among apparently healthy subjects. At the same time, the relationship between the stress intolerance score measured using the IMST and these parameters was investigated in an attempt to clarify the effects on health status of social support, lifestyle habits, and attitude toward life.
Methods

Stress score and stress intolerance score
The IMPS was developed for use in assessing distress by measuring the amount of stress response such as physical, psychological, and behavioral changes which a person under psychosocial stressors experiences (Yamamoto, 2005) . It is known that persons suffering from psychosocial stress may become depressive or experience mood changes. They may also show behavioral changes or suffer from somatic symptoms such as diarrhea, dizziness, headache, and fatigue. We regard both the somatic symptoms and changes in mental status and behavior, which an otherwise healthy person experiencing psychosocial stress exhibits, as stress responses. The 40 items utilized in the IMPS were chosen from as broad a spectrum of known symptoms of psychosocial stress as possible, without exact repetition. The subjects were asked to choose their answer for each of the 40 items of the IMPS from one of: "yes" "rather yes" "rather no" and "no". "No" and "rather no" were multiplied by zero, "rather yes" by 1 and "yes" by 2. The score was then calculated by adding all of the numbers together, ranging from 0 to 80. We refer to the score measured using the IMPS as the stress score in this study.
We regard appropriate social support, a healthy lifestyle, and a positive attitude toward life as elements of stress tolerance capacity which are important for achieving good mental health, and believe that deviation from these elements indicates a decline in the stress tolerance capacity, that is, an increase in stress intolerance. A person with a low stress tolerance capacity is assumed to be more vulnerable to psychosocial stress than one with a high stress tolerance capacity. The 20-item IMST was designed to evaluate a decline in the stress tolerance capacity by measuring the extent of deviation from having appropriate social support, a healthy lifestyle, and a positive attitude toward life (Yamamoto, 2005) . The subjects were asked to choose their answer for each of the 20 items of the IMST from one of: "yes" "rather yes" "rather no" and "no". "Yes" and "rather yes" were multiplied by zero, "rather no" by 1 and "no" by 2. The score was calculated by adding all of the numbers together, ranging from 0 to 40. We refer to the score measured using the IMST as the stress intolerance score in this study.
Subjects and procedure
Every year about 5,000 workers chosen randomly from among approximately 136,000 teaching and non-teaching workers employed at public elementary, junior high, and senior high schools in Kyushu and Okinawa, who want to undergo medical check-ups carried out for the purpose of detecting illness at an early stage, are admitted to Kyushu Central Hospital in Fukuoka, Japan, for three days. The subjects of this study came out of a smaller pool of 1,941 workers who were admitted to the hospital between November 2004 and March 2005. On the first day of admission, the subjects were asked to answer a demographic questionnaire which recorded age, gender, and occupation. We also recorded details of each subject's medical and family history, cigarette smoking, alcohol consumption, physical activity, subjective somatic symptoms, significant morbidity if diagnosed by a physician, and current medication. The subjects were given an explanation of the study and asked for their voluntary participation. The subjects who gave their informed consent were asked the question "Have you been feeling stressed recently?", then rated their individual subjective stress as 1 (no), 2 (rather no), 3 (rather yes) and 4 (yes), and then completed the IMPS and IMST. A total of 1,499 workers responded to the IMPS and IMST, yielding a response rate of 77.2%. Two hundred and ninety-eight workers who were taking medication for hypertension, hyperuricemia, hyperlipidemia and diabetes, or who had a value for glycosylated hemoglobin м6.0 percent were excluded, and the remaining 1,201 subjects were analyzed.
All participants underwent blood sampling after an overnight fast. Anthropometric measurements and urinalysis were conducted under the same conditions. Physical examination, ECG and chest X-ray examination, and vision and hearing function tests were routinely carried out. If necessary, ultrasonographic examinations of the upper abdomen and thyroid gland, or a gastrographic examination were carried out. Height was measured to the nearest 0.001 m, and body weight was measured to the nearest 0.1 kg. Body mass index (BMI) was calculated as the weight in kilograms divided by the square of the height in meters (kg/m 2 ). Body fat percentage was measured by the method of bioelectrical impedance analysis, using an Omron body fat analyzer .
Statistical analysis
Separate analysis was conducted for the men and women throughout the study. The unpaired t-test was used to test differences between men and women in the means of subjective stress, the stress score, and the stress intolerance score. For the parametric two-group comparisons, p values were based on Welch's test for groups with unequal variances if the hypothesis of equal variance was rejected at the 0.05 level of significance. Pearson correlation coefficients were used to explore the correlates of the stress score and stress intolerance score to biomedical variables. The subjects were categorized into five groups according to their stress score: the 0-4 group, 5-9 group, 10-19 group, 20-39 group, and 40-80 group. They were also categorized into four groups according to their stress intolerance score: the 0-4 group, 5-9 group, 10-19 group, and 20-40 group. Analysis of covariance (ANCOVA) tested whether there existed any cross-sectional association of the five categories of the stress score and four categories of the stress intolerance score with biomedical variables. Partial correlations were used to assess the correlation of the stress score to body fat percentage, glycosylated hemoglobin, and triglyceride, with variables controlling for age, BMI, alcohol consumption, smoking, and exercise. P values of less than 0.05 were considered significant.
Results
Sample characteristics
As Table 1 shows, the study subjects consisted of 684 men and 517 women, whose mean (ϮSD) ages were 47.1Ϯ7.9 and 47.5Ϯ7.0 years, respectively. About 92% of the male subjects and 94% of the female subjects were teachers, and the rest were non-teaching workers. Women reported feeling more subjective stress than men (t(1138.6)ϭϪ5.38, pϽ0.001). Women had a higher stress score than men (t(1033.8)ϭϪ6.02, pϽ0.001), while men had a higher stress intolerance score than women (t(1161.1)ϭ4.17, pϽ0.001). The lifestyle characteristics of the subjects are shown in Table 1 . About 15 % of the male and 38% of the female subjects consumed no alcohol, while more than half of the male and 23% of the female subjects were frequent drinkers. Most of the female subjects had never smoked cigarettes, while 32% of the male subjects were former smokers and 28% current smokers. About half of the male and 68% of the female subjects engaged in no physical activity during the week, while 53% of the male and 32% of the female subjects engaged in physical activity once or more a week. Table 2 shows the arithmetic means (SD) of the biomedical parameters and the results of ANCOVA testing on the association between parameters and the levels of stress score in the 0-4 group, 5-9 group, 10-19 group, 20-39 group and 40-80 group. The stress score was significantly associated with body fat percentage and the value for glycosylated hemoglobin among men (Table 2 ). There was a linear relationship between the stress score and body fat percentage or the value of glycosylated hemoglobin (pϭ0.001 and pϭ0.018, respectively). Figure 1 shows that the value for glycosylated hemoglobin tended to increase with an increase in the stress score among men. However, it showed no significant association with the values for body weight, BMI, WBC, RBC, hemoglobin, hematocrit, C-reactive protein, liver function tests, BUN, creatinine, uric acid, cholesterol, HDL cholesterol, LDL cholesterol, triglyceride, and systolic and diastolic blood pressures among men. A significant association was found between the stress score and triglyceride concentrations among women (Table 2 ). There was a linear relationship between the stress score and triglyceride concentrations (pϭ0.001). There was no significant association between the stress score and other biomedical measurements among women. As shown in Table 3 , an increase in stress score was significantly correlated with an increase in body fat percentage among men, controlling for age and BMI. However, when the correlation was controlled for alcohol consumption and smoking, the significant correlation attenuated, and was nullified when exercise entered into the analysis. The stress score among men remained significantly correlated with the value for glycosylated hemoglobin even after controlling for age, BMI, alcohol consumption, smoking, and exercise (Table  3 ). The stress score was shown to be significantly correlated Note 1) ¶ Sake is a brewed alcoholic beverage made from fermented rice which is about 32 proof. § Physical activity is activity other than routine daily activities, which is engaged in for more than 30 minutes per day.
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with triglyceride concentrations among women, controlling for age and BMI, although when it was controlled for alcohol consumption, the significant correlation was nullified. Table 4 shows the results of ANCOVA testing on the association between biomedical parameters and the levels of stress intolerance score in the 0-4 group, 5-9 group, 10-19 group and 20-40 group. The stress intolerance score was significantly associated with body fat percentage among men, while it was significantly associated with body weight, BMI, and body fat percentage among women (Table 4 ). Figure 2 shows that the body fat percentage among men and the BMI among women tended to increase with an increase in the stress intolerance score. There was a linear relationship between the stress intolerance score and body fat percentage among men (pϭ0.015). There was also a linear relationship between the stress intolerance score and body weight or BMI or body fat percentage among women (pϭ0. 003, pϭ0.002 and pϭ0.017, respectively) .
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Discussion
The present study tested the associations between the IMPSmeasured stress score and biomedical parameters with regards to the health status of an apparently healthy adult population. The analysis was carried out separately for men and women, as 152 Psychosocial Stress and Biomedical Parameters Note 1) ANCOVA testing on the association between biomedical parameters and the levels of stress score in the 0-4 group, 5-9 group, 10-19 group, 20-39 group and 40-80 group, controlling for age. * pϽ0.05; ** pϽ0.01; ns, not significant. Fig. 1 The relationship between stress score and glycosylated hemoglobin among men. Error bars indicate 95% confidence intervals. P value for glycosylated hemoglobin from an ANCOVA test indicates that the trend from the 0-4 stress score group to the 40-80 group is linear (pϭ0.018).
there are significant differences in the structure of psychosocial stress and the stress tolerance capacity between males and females (Frankenhaeuser et al., 1978; Yamamoto, 2004) . Our results show that there was a significant association between the stress score measured using the IMPS and biomedical parameters such as body fat percentage and glycosylated hemoglobin among men. By contrast, a significant association was found between the stress score and triglyceride concentrations among women. This study is the first to demonstrate an association between psychosocial stress defined as the accumulation of stress response and biomedical parameters among apparently healthy subjects. The increase in obesity has been reported as a global phenomenon both in developing and developed countries (Popkin and Doak, 1998; Rössner, 2002) . The mean body mass index was found to have increased from 25.3 to 26.3 for adult men and women aged 20 through 74 years between the 1976 to 1980 and 1988 to 1991 surveys in the USA (Kuczmarski et al., 1994) . In Japan, an increasing trend in obesity among men was observed between the 1976 to 1980 and 1996 to 2000 surveys (Yoshiike et al., 2002 ). An increasingly sedentary lifestyle and dietary energy consumed in excess of metabolic expenditure are regarded as the most important factors associated with the worldwide trend of increases in overweight and obese persons (Popkin and Doak, 1998; Rössner, 2002) . Conjunctively, it has been shown that depression and psychological distress are associated with obesity (Istvan et al., 1992; Ross, 1994; Rosmond et al., 1996; Roberts et al., 2000) , and stress seems to be associated more significantly with abdominal obesity than with generalized obesity (Räikkönen et al., 1994a) . Our results, which show that an increase in stress score was not associated with an increase in BMI and body weight, but was associated with an increase in body fat percentage among men, may parallel this finding that stress may be associated more significantly with abdominal obesity than with generalized obesity, inasmuch as an increase in body fat percentage may suggest, though not definitively, the presence of abdominal obesity. We found that the positive correlation between stress score and body fat percentage among men attenuated when these correlations were controlled for alcohol consumption and smoking, and lost significance when controlled for exercise, suggesting that lifestyle changes associated with an increase in psychosocial stress may be a potential pathway for the association between stress and body fat percentage. In contrast to body fat percentage, we found that the correlation between stress score and the value for glycosylated hemoglobin remained significant even after controlling for age, BMI, alcohol consumption, smoking, and exercise among men. These results indicate that the relationship between glycosylated hemoglobin and stress is not affected by changes in lifestyle. It is recognized that psychosocial stress sets in motion central and peripheral stress responses such as the perturbation of the regulation of the hypothalamic-pituitaryadrenal (HPA) axis and the activation of the sympathetic nervous system (Chrousos and Gold, 1992; McEwen, 1998 , Chrousos, 2000 . An increase in cortisol secretion induced by the perturbation of the regulation of the HPA axis is regarded to be primarily responsible for abdominal obesity (Rosmond et al., 1998) , which is one of the main symptoms of metabolic syndrome (Ford et al., 2002) . In addition, because insulin resistance is known to coexist both in metabolic syndrome and in related comorbidities such as abdominal obesity, hyperinsulinemia, dyslipidemia and hypertension, which are considered to be associated with stress (Räikkönen et al., 1996; Liese et al., 1997) , it is reasonable to hypothesize that the level of glycosylated hemoglobin will increase in conjunction with an increase in stress response. In fact, psychosocial stress defined as feelings of excessive tiredness and psychological coronary risk factors such as hostile paranoia and vital exhaustion have been reported to cause perturbations of insulin and glucose metabolism (Räikkönen et al., 1994b (Räikkönen et al., , 1996 McEwen, 1998) . Our finding that stress score measured using the IMPS was positively correlated with an increase in glycosylated hemoglobin regardless of lifestyle changes among men seems to be consistent with the model that the perturbation of the regulation of the HPA axis along with the activation of the sympathetic nervous system caused by psychosocial stress is responsible for the unfavorable glycemic changes.
However, we did find an association between the stress score and triglyceride concentrations among women, though no association was shown between the stress score and body fat percentage or glycosylated hemoglobin. The fact that there are differences in the structure of stress and the stress tolerance capacity between men and women (Frankenhaeuser et al., 1978; Yamamoto, 2004) may explain the different results for men and women in the present study. The positive correlation between the stress score and triglyceride concentrations was found to have lost its significance when it was controlled for alcohol consumption, suggesting that lifestyle changes associated with an increase in psychosocial stress may be a pathway for the association between stress and triglyceride concentrations among women. As hypertriglyceridemia is regarded to be a factor which features in a metabolic syndrome (Ford et al., 2002) , our results suggest that psychosocial stress may exert a detrimental effect on the health status of women through dyslipidemia.
It has been recognized that lifestyle changes associated with modernization are the primary causes of an increase in obesity and diabetes (Popkin and Doak, 1998; Rössner, 2002) . In the present study, we assumed that having appropriate social support, a healthy lifestyle, and a positive attitude toward life were elements of the stress tolerance capacity, and measured the stress tolerance capacity of our subjects in order to elucidate whether deviation from these elements has an effect 154 Psychosocial Stress and Biomedical Parameters on their health status. We found that an increase in the stress intolerance score measured using the IMST was associated with an increase in body weight, BMI, and body fat percentage among women, and with an increase in body fat percentage among men, indicating that the less social support people have, the unhealthier their lifestyle, and all the more negative an attitude toward life they have, the more likely it is that they will be obese. A healthier lifestyle which includes physical exercise, smoking cessation, the restriction of alcohol consumption, and dieting has been shown to result in the prevention of type 2 diabetes among subjects with impaired glucose tolerance (Pan et al., 1997; Tuomilehto et al., 2001; Hu et al., 2001 ). Our findings suggest that an increase in the stress tolerance capacity has beneficial effects on health status through the prevention of an increase in body fat and obesity. We acknowledge several limitations of our study. First, the measurements of the stress score and stress intolerance score were self-reported, and are therefore subject to bias. The fact that the stress score of workers was lower than that of students (Yamamoto, 2005) suggests that overreporting has been avoided. The fact that the stress intolerance score of men was higher than that of students (Yamamoto, 2005) is interpreted as reasonable given that male workers who are busy with their jobs have less time to manage their lives than students. Second, as psychosocial stress was defined as the accumulation of stress response such as a deterioration in mental status, somatic symptoms, and behavioral changes in relation to stress, no evidence of an association between the stress score and physiological parameters of stress was shown. However, our results are in line with the reports that abdominal obesity and related comorbidities such as insulin resistance and dyslipidemia are associated with psychosocial stress (Räikkönen et al., 1996; Björntorp, 2001) . Third, these data are cross-sectional, and therefore determine no causal relationship between the stress score measured using the IMPS and biomedical parameters regarding health status.
In summary, we demonstrated that psychosocial stress defined as the accumulation of stress response was associated with an increase in body fat percentage and the value for glycosylated hemoglobin among men, while it was associated with an increase in triglyceride concentrations among women. We also found that a decline in the stress tolerance capacity defined as deviation from the assumed ideal lifestyle which a person should adopt in order to not be vulnerable to stress was associated with obesity, implying that an unhealthy lifestyle may lead to the accumulation of body fat through inappropriate health behaviors such as overeating, profuse alcohol consumption, and lack of physical activity. Our result that the stress score measured using the IMPS was associated with obesity and unfavorable glycemic changes is in parallel with the model that psychosocial stress has a detrimental effect on humans by inducing obesity and insulin resistance, suggesting that the IMPS is valid in evaluating psychosocial stress level among an otherwise healthy population. (yes rather yes rather no no)
Stress score How many "yes" answers did you choose? ( )ϫ2ϭ( ) How many "rather yes" answers did you choose? ( )ϫ1ϭ( ) How many "rather no" answers did you choose? ( )ϫ0ϭ0 How many "no" answers did you choose?
Stress score ( ) The Inventory to Measure Stress Tolerance Capacity (IMST) 1. I have a hot, balanced meal at least once a day. (yes rather yes rather no no) 2. I sleep 7-8 hours at least four days a week. (yes rather yes rather no no) 3. I give and receive affection regularly. (yes rather yes rather no no) 4. I have a reliable relative within one hour from me. (yes rather yes rather no no) 5. I perspire in physical exercise at least twice a week. (yes rather yes rather no no) 6. I do not smoke, or smoke 10 cigarettes or less a day. (yes rather yes rather no no) Stress intolerance score How many "yes" answers did you choose? ( )ϫ0ϭ0 How many "rather yes" answers did you choose? ( )ϫ0ϭ0 How many "rather no" answers did you choose? ( )ϫ1ϭ( ) How many "no" answers did you choose? ( )ϫ2ϭ( ) Stress intolerance score ( )
